Abstract. In order to investigate the cause of the typical bush rupture and wear damages in the journal bearing of the steam turbine generator set. The misalignment bearing analysis model of considering lubrication turbulence effects was established. The pressure, thickness distribution of the oil film is obtained. Compared with the alignment results, analysis results can be well explains the bearing bush burst at bearings maximum pressure place due to bearing misalignment, resulting in the film maximum pressure is off-center position, and larger than normal result. The bearing bush burst make friction being intensified, the oil temperature increasing, the viscosity drop, eccentricity bigger, attitude angle smaller, bearing point down, the minimum film thickness smaller, thus causing the wear damages，until shutdown. It explains the bearing failure phenomena studied in this paper that bush occurred half wear and bearing rupture location downstream of the minimum film thickness position.
Introduction
Due to improper installation of the shafting or excessive rotor imbalance, the rotor will skew and cause bearing failure [1] . With the bearings supporting getting growing attention in recent years, studies of bearing failure analysis gains popularity among people. Iwasawa and co-authors [2] study the effect that surface roughness and mechanical properties have on the rotor and pad Collision -abrasion extent. Ushijima, Okamoto and co-authors [3] [4] [5] established a similar wear bearing model as Orchard's [6] , considering the impact of the contact reaction force on the contact surfaces. Wang and co-authors [7] considered the effect of the lubricating oil performance on rupture and wear of the pad. In domestic, Deng et al [8] study the TEHD analysis of the bearings, taking into account the shaft deformation caused by surface topography, thermal effects and the bearing surface deformation, which leads to shaft tilting in bearings. Based on former failure forms, the rupture of bearing usually happen where the film thickness is minimum, also the maximum pressure of the oil film. While the rupture location is obviously appeared in the downstream and the location is closer to the edge rather than the middle of the bush shown in Fig. 1 . 
Misalignment bearing model.
According to the relevant test data and pictures of the bearing fault, this paper establishes misalignment bearing theory model for different bearing fault type, shown in Fig. 2 . Fig 2. System of misaligned journal bearing xOy is the bearing coordinates. O is the origin of the coordinate system. c is the journal center. e 0 is the center bearing eccentricity. θ is the deviation angle. α is the angle from θ to the center of front face. D is the bearing width. e' is the central distance between both ends of the surfaces.
Typically, the lubricant film is deemed as incompressible fluid. Ignoring oil weight and inertia force, the bearing pressure distribution in turbulent conditions can be expressed by Reynolds equation [9] as follows:
is the lubricant density; μ is the dynamic viscosity lubricant; p is the film pressure; h is the film thickness; c is the bearing clearance; U is the relative velocity between two solid surfaces in x direction.
kx, kz are the turbulence factors, which are partial functions of the Reynolds number. By the wall's law [10] , they can be obtained as follows: Under normal circumstances, the oil lubricating viscosity will decrease as the temperature rises. Their relationship can be expressed as a group of viscosity values measured at different temperatures or the resulting curve, which may also be expressed approximately by empirical formula. In this paper, we use common Reynolds warm sticky relationship [11] :
Where:T in is the inlet temperature; μ in is the viscosity at the temperature of T in ; Ⅹ is the warm-sticky index. Boundary condition of the oil film pressure.
For cylindrical bearings, there are different assumptions on pressure conditions. In this paper, Reynolds boundary conditions were used in the calculation [12] .
Result and analysis.
The following table is the main parameters of bearing and lubricating oil. Film pressure and thickness. When calculated according to the theory of laminar flow, turbulence factor takes constant value 12; when calculated according to the theory of turbulence, turbulence factor changes with the Reynolds number. According to the Eq.3, under different speed, Reynolds number changes with the bearing angle as shown in Fig. 3 . There can be seen that the film has appeared turbulent flow regime at the rated speed 3000r / min. Fig. 3 The Reynolds number distribution According to the results of the turbulence theory, failing bearing's corresponding quiescent point is approximately at ε = 0.61, θ = 52.8 °, which is at its carrying capacity W = 17668N. Its pressure distribution is shown in Fig.4 . At rated speed, the pressure distribution curve's maximum pressure is P max = 4.76MPa, at φ = 293º, which is close to the field testing. Film thickness is shown in Fig.5 , whose corresponding minimum film thickness is at φ = 313.8 °. Fig. 4 The pressure distribution of turbulence theory Fig. 5 The film thickness distribution According to the misalignment bearing model, when the distance between both ends of the surface is 0.5mm, its pressure distribution can be shown as Fig. 6 , the maximum pressure under rated speed is P max = 5.27MPa, at φ = 302º. The film thickness is shown as Fig.7 , whose corresponding minimum film thickness is at φ = 321.8 °.
Fig 6
The pressure distribution Fig 7 The film thickness distribution The above results can be seen that, due to the failure resulting in bearing misalignment, the maximum pressure position is closer to the edge of the pad, and the pressure is also larger than it under alignment situation. When the unit is running for a long time, bearing fracture in this position will Increase, leading to lubricating oil temperature rise.
When the lubricating oil used for some time, the oil will contain a small amount of water, impurities, and the oil itself will be oxidized. Under the working condition mentioned in this paper, such as bearing fracture, friction intensified, the oil temperature rises, which lowers the viscosity of the lubricating oil. In the case of the same load, the eccentric of the bearing becomes larger, the minimum film thickness decreases. However, the maximum film pressure decreases as the viscosity of the oil film increases, which is shown in Fig.8 . Fig .8 The oil thickness and pressure distribution with oil viscosity
Summary
In this paper, theoretical results calculated by turbulence theory achieve good agreement with the film maximum pressure in the field testing. Taking the turbulence effect into consideration, at the same eccentricity, oil film capacity is larger than the result obtain by laminar theory.
The model built for calculating the maximum film pressure position achieves a good agreement with the bearing pad rupture position. With the increase of oil temperature, bearing's quiescent working point moves down and the minimum film thickness decreases. There's rubbing occurred at the minimum film thickness position, which caused the downstream rupture and the half rubbing abrasion.
Rise of the lubricating oil temperature or oxidation, overly high water content percentage, containing mechanical impurities can all cause lubricating oil viscosity decreases. Under the same load, eccentricity becomes larger, so that the minimum film thickness decreases, while in turns, increases the maximum film pressure, and therefore bearing cracking and rubbing failure are more likely to happen.
